Infection with human T-cell leukemia virus type 1 (HTLV-1) leads sometimes to the development of adult T-cell lymphoma/leukemia (ATL), which is invariably fatal and often associated with humoral hypercalcemia of malignancy. The transformation of infected CD4 T cells and the pathogenesis of leukemia have been studied with great limitation in tissue culture and patients. To better understand the pathogenesis and perform preclinical drug studies, animal models of ATL are urgently needed. In mice, inoculation of HTLV-1 cell lines mostly leads to development of localized lymphomas. To develop an ATL animal model with leukemic spread of ATL cells, mouse strains with different welldefined immune deficiencies were inoculated intraperitoneally with different HTLV-1-infected cell lines (ACH.2, C8166, MT-2, MET-1). Inoculation of MET-1 cells into NOD/SCID mice provided the best model system for slowly developing T-cell leukemia with multiple organ involvement. In leukemic mice, an increase in serum calcium levels correlated with expression of receptor activator of nuclear factor kappa-light-chain-enhancer of activated B cells ligand on leukemic cells and secretion of parathyroid hormone-related protein and interleukin-6. In contrast to the other cell lines that did not spread systemically, MET-1 expressed both the adhesion molecules CD11a (LFA-1a) and CD49d (VLA-4a) and produced or induced expression of matrix metalloproteinases 1, 2, 3, and 9, thus underlining the importance of these molecules in the spread of adult T-cell leukemia cells. The MET-1/NOD/SCID model will be useful for developing interventions against invasion and spread of leukemic cells and subsequent humoral hypercalcemia of malignancy.
Introduction
Worldwide 16 to 20 million people are infected with human T-cell leukemia virus type 1 (HTLV-1), and 1% to 5% of the infected individuals develop adult T-cell leukemia (ATL) during their lifetime 13 due to transformation of their CD4 T cells. So far there is no successful therapeutic intervention for ATL. 12 After chemotherapy and temporary remission of disease, tumor cells become invariably refractory to treatment and patients die within 9 to 24 months. 36 Leukemic cells in ATL patients are very invasive, and the degree of organ infiltration affects disease profile and prognosis. 3 A number of factors determining the spread of ATL cells have been defined based on studies of ATL cells from patients and in vitro studies. ATL cells are able to adhere to endothelial cells through high expression of CD11a (LFA-1a) and CD49d (VLA-4a). 38 Subsequently, the subendothelial basement membrane is thought to be degraded through the expression of matrix metalloproteinases (MMPs) 2 and 9 which lead to the retraction of endothelial cells and subsequent extravasation of neoplastic lymphocytes. 2 The spread of tumor cells and high tumor burden releases factors that lead to the development of humoral hypercalcemia of malignancy [9] [10] [11] 16, 25 in most of the ATL patients. This disease condition is characterized by increased osteoclast activity with demineralization of bones and increased calcium levels in blood. It is thought that overexpression of receptor activator of nuclear factor kB ligand (RANKL) by ATL cells stimulates differentiation of hematopoietic precursors into osteoclasts. 27 Parathyroid hormone-related protein (PTHrP), macrophage inflammatory protein 1-alpha (MIP-1a), tumor necrosis factor-alpha (TNF-a), interleukin-1 (IL-1), and IL-6 are also thought to be important in enhancing migration and differentiation of osteoclast progenitors into mature osteoclasts by stimulating production of RANKL by osteoblasts and stromal cells. 34 Interestingly enough, the activation of most of the above-named molecules has been shown to be due to nuclear factor kappa-light-chain-enhancer of activated B cells activation through Tax expression (at least in tissue culture), indicating a role for Tax in metastasis and hypercalcemia. 22, 23 Although these putative steps in the pathogenesis of disease are supported by evidence derived from tissue culture experiments and clinical observations in patients, animal models are required to verify these concepts. 19 For this reason, a number of xenograft mouse models have been established. 7, 20, 28, 32, 37 The drawback for most of these models is the fact that inoculated HTLV-1-infected permanent cell lines usually do not spread systemically but grow either subcutaneously after subcutaneous inoculation or in the abdominal cavity after intraperitoneal injection. 7, 20, 28, 32, 37 In this study, we tested different HTLV-1-infected cell lines for their ability to induce multicentric engraftment in 3 different mouse lines and used the resulting MET-1/NOD/SCID mouse model to address hypercalcemia of malignancy and the role of adhesion molecules and matrix MMPs for tumor spread.
Methods

Animals
Female immunodeficient NOD/SCID (NOD.CB17-Prkdc scid /J), NOD/SCID b2m2/2 (NOD.Cg-Prkdc scid B2m tm1Unc /J) (The Jackson Laboratory, Bar Harbor, ME), and NOD/SCID Il2rgc 2/2 with a deleted (NOD.Cg-Prkdc scid Il2rg tm1Wjl /SzJ) (The Jackson Laboratory) or truncated IL-2-Rc gene (NODShi.Cg-Prkdc scidIl2rgtm1Sug / Jic) (Central Institute for Experimental Animals, Kawasaki, Japan) mice (Table 1) , were inoculated with 10 7 tumor cells intraperitoneally. Animals were monitored and weighed regularly after inoculation. Mice were euthanatized using CO 2 inhalation as soon as they developed signs of morbidity. All animal experiments were approved by the Institutional Animal Care and Use Committee of Ohio State University.
Cell lines
The HTLV-I-infected cell lines MT-2 40 and C8166-45 35 were maintained in advanced RPMI 1640 medium supplemented with 10% fetal bovine serum. For the ACH.2 cell line, 6 10 IU/mL rIL-2 was added. MET-1 cells were derived from a patient with ATL 31 and expanded in NOD/SCID mice.
Flow cytometry analysis
For detection of proteins expressed at the cell surface, antibodies specific for RANKL (clone 12A668, Calbiochem), CD11a (LFA-1; clone G43-25B), CD49d (9F10), CD147 (extracellular matrix metalloproteinases [EMM-PRIN], clone HIM6), and isotype controls (clones G155-178 and MOPC-21; all from BD Biosciences Pharmingen, San Diego, CA) were used.
Total calcium measurement in serum
Total calcium was measured from serum by a colorimetric assay based on the reaction of Ca 2+ with arsenazo III dye and analyzed in a Vitros DT60 Chemistry Analyzer (Ortho-Clinical Diagnostics, Rochester, NY). Statistical analysis was performed using the Kruskal-Wallis test.
Measurement of PTHrP
PTHrP was measured from plasma by the DSL-8100 ACTIVE PTHrP coated-tube immunoradiometric assay kit according to the instructions of the manufacturer (Diagnostic Systems Laboratories, Webster, TX).
Histopathology and immunohistochemistry
Tissues were fixed, paraffin embedded, and stained with HE or antibody specific for Ki-67 (clone Ki-S5) (Dako, Glostrup, Denmark) or MMP1, 2, 3, or 9 according to standard procedures using Dako's biotin blocking kit, Dako's target retrieval solution, and biotinylated secondary antibodies (goat-anti-rabbit antiserum or rabbit-anti-goat antiserum) (Vector Laboratories, Burlingame, CA).
Western blot
MET-1, MT-2, C8166-45 cells were lysed for 30 minutes on ice in 20 mM Tris-HCl (pH 7.50), 150 mM NaCl, 1% Triton, 1 mM Na 2 EDTA, 1 mg/mL leupeptin, 1 mM phenylmethysulfonyl fluoride, 1 mM Na 3 Vo 4 , 1 mM EGTA, 2.5 mM sodium pyrophosphate, and 1 mM beta-glycerophosphate. Lysates and controls (Chemicon International, Temecula, CA) (30 mg/lane) were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis through a Nupage Novex 10% Bis-Tris precast gel, followed by transfer to nitrocellulose membranes (Bio-Rad, Hercules, CA). The membranes were blocked and incubated with antibody specific for MMPs and a glyceraldehyde 3-phosphate dehydrogenase control antibody (clone 1D4) (Nventa Biopharmaceuticals Corporation, Montreal, Quebec, Canada) and the respective secondary antibody. Blots were developed with the ECLplus detection system (GE Healthcare, Waukesha, WI).
Cytokine array
Sera from 2 groups of NOD/SCID mice inoculated with MET-1 cells (1 3 10 7 cells/mouse) were pooled and analyzed for the presence of human cytokines with an array membrane (TranSignal Human Cytokine Antibody Array 1.0) (Panomics, Fremont, CA). Pooled sera from naïve NOD/SCID mice were used as controls. Membranes were treated according to the manufacturer's protocol, incubated with ECLplus (GE Healthcare), and scanned with the Typhoon 9410, GE Healthcare. The images acquired were analyzed for quantitative data using ImageQuant software (GE Healthcare).
Polymerase chain reactions
Total RNA was extracted using Trizol Reagent (Invitrogen, Carlsbad, CA) and was treated with the TURBO DNAfree Kit (Ambion, Austin, TX). The cDNA was amplified with primers for MMP9 (59-CGCAGACATCGTCATCCAGT-39 and 59-GGATT GGCCTTGGAAGATGA-39) and MIP-1a 59-GCAAC CAGTTCTCTGCATCA-39 and 59-TTTCTGGACC CACTCCTCAC-39). The tax primers span the splice site in HTLV-1 and are cDNA specific. 14 IL-1b and TNF-a primers were used as published. 17, 39 Quantitative real-time polymerase chain reaction (RT-PCR) of PTHrP (corresponding to 0.1 mg of RNA/sample) was performed using SYBR Green PCR kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol in a LightCycler apparatus (Roche Diagnostics, Indianapolis, IN) as described previously. 33 Briefly, primers for the PTHrP common region (59-GTCTCAGCCGCCGCCT CAA-39 and 59-GGAAGAATCGTCGCCGTAAA-39) were used to amplify cDNA and plasmid standard. For normalization, b2-microglobulin cDNA was used.
Results
Inoculation of 3 different immunodeficient mouse strains with ATL cells
To establish an animal model with systemic spread of ATL, cells of 4 different HTLV-1infected cell lines (Table 2) were inoculated into 3 different mouse strains based on the NOD/SCID background ( Table 1 ). All cell lines chosen were HTLV-1-infected human CD4-positive T-cell lines but differed in their expression levels of HTLV-1 viral proteins. ACH-2 cells were derived from peripheral blood lymphocytes after immortalization with a molecular clone of HTLV-1. These cells express all HTLV-1 proteins and depend on IL-2 for growth in tissue culture. 6 Although these cells do not grow as robustly as other HTLV-1transformed cell lines, the possibility of transforming cells with a molecular clone that can be modified is attractive for further pathogenesis or infectivity investigations. C8166-45 and MT-2 cells were derived from coculture of peripheral blood lymphocytes with ATL cells from a patient. C8166-45 cells contain 2 copies of the HTLV-1 genome but express only the Tax protein, because other genes are inactivated by deletions or stop mutations, respectively. 4 MT-2 cells carry 4 to 6 HTLV-1 genomes and express all HTLV-1 proteins. 18, 40 MET-1 cells are derived from an ATL patient and can be passaged only in mice. 31 Using MET-1 cells, we demonstrated the expression of HTLV-1 envelope protein by flow cytometry and expression of tax by RT-PCR, although expression could only be detected when 500 ng of total RNA per RT-PCR reaction was used (data not shown).
Animals were inoculated intraperitoneally with 1 3 10 7 cells and euthanatized after displaying severe clinical symptoms or at the end of the experiment. ACH-2 and C8166-45 cells did not engraft. Both cell lines express Tax protein, which indicates that Tax alone is not sufficient for engraftment of cells.
MT-2 cells formed small tumor nodules in the abdominal cavity in 2 of 5 NOD/SCID and NOD/SCID b2m2/2 mice. In NOG mice, however, MT-2 cells engrafted within 3 to 4 weeks by forming tumors in the peritoneal cavity of all animals and in the thoracic cavity of 2 of 5 animals. MET-1 cells engrafted in NOD/SCID mice within 12 to 14 weeks and in NOD/SCID b2m2/2 mice within 9 to 12 weeks ( Table 2 ). The reported reduction in natural killer-cell activity correlated with success of and time necessary for engraftment of tumor cells. It has been proposed that the Tax protein of HTLV-1 might be a target for natural killer cells. 20 However, in spite of Tax expression, MT-2 and MET-1 cells are able to engraft (although to different degrees) in NOD/SCID mice.
Pattern of spread and tumor invasion of MT-2 and MET-1 cells
Most tumor cell lines (whether HTLV-1 transformed or not) grow in immune-deficient mice after Fig. 1 . Blood. NOD/SCID b2m2/2 mouse inoculated with MT-2 cells. No abnormal cells were found in peripheral blood. Two neutrophils seen in the middle of field. Wright stain. Fig. 2 . Pancreas. NOD/SCID Il2rg 2/2 mouse inoculated with MT-2 cells. Neutrophils (arrow) usually accompany MT-2 infiltration of tissues. HE. Fig. 3 . Pancreas. NOD/SCID Il2rg 2/2 mouse inoculated with MT-2 cells. Invasion is pericapsular. Black arrows indicate small aggregates of MT-2 cells attached to the capsule. Fig. 3a. HE. Fig. 3b . Immunolabeling with mAb anti-human Ki67 and hematoxylin counterstain.
intraperitoneal inoculation in the peritoneal cavity. The engraftment pattern after intraperitoneal inoculation of MT-2 cells, therefore, is typical for most of the engrafting permanent cell lines used in mice, which are rarely truly leukemic with systemic spread of tumor cells. In the blood smears of animals inoculated with MT-2 cells, no abnormal cells were found (Fig. 1) . MT-2 cells remained mostly in the peritoneal cavity, and only in 2 of 5 animals was involvement of the thoracic cavity observed. Solid tumors displayed a capsular pattern and were attached to organs, most commonly the pancreas (Figs. 2, 3) and liver, but also the ovary, uterus, kidney, and stomach. (The human origin of these tumor cells was confirmed by Ki67 staining (Fig. 3b ). Tumor formation was usually accompanied by neutrophilic infiltrates in affected organs (Fig. 2) , and sometimes tumors were necrotic.
After engraftment, MET-1 cells could be detected in blood smears (Fig. 4) at the time of euthanasia, indicating systemic spread of leukemic cells. Tumor cells invaded organs perivascularly and were found in organs of the peritoneal (pancreas, liver, kidney, uterus, stomach, intestine, peritoneum, urinary bladder) and thoracic cavities (adrenal, heart [ Fig. 5 ], lung [ Fig. 6 ]), as well as brain and skin at the site of injection. The human origin of the cells was confirmed by staining for the Fig. 4 . Blood. NOD/SCID b2m2/2 mouse inoculated with MET-1 cells. Large aberrant round cells (MET-1) with round to irregularly shaped nuclei and fine chromatin are present (arrows). Wright stain. Fig. 5 . Lung. NOD/SCID b2m2/2 mouse inoculated with MET-1 cells. MET-1 cells have a perivascular pattern of invasion. HE. Fig. 6 . Heart. NOD/SCID b2m2/2 mouse inoculated with MET-1 cells. Tumor cells have infiltrated between cardiac muscle fibers arrows. Fig. 6a . HE. Fig. 6b . Tumor cells show positive nuclear staining with an antibody specific for human Ki67, confirming the human origin of cells. Immunolabeling with mAb anti-human Ki67 and hematoxylin counterstain. Vet Pathol 46: 5, 2009 human Ki67 antigen (Fig. 3b ). This MET-1/NOD/ SCID model recapitulates the tumor invasion pattern seen in ATL patients.
Increased calcium levels in serum of mice inoculated with MET-1 cells
Because the spread of MET-1 cells in NOD/ SCID mice was similar to that detected in human patients, we refined the model by defining hypercalcemia in these animals. A large proportion of ATL patients develop humoral hypercalcemia of malignancy. This condition is characterized by increased calcium and PTHrP levels in serum and increased osteolysis (bone resorption). 29 In control mice, calcium levels were 9.7 6 1.2 mg/dL for Fig. 7 . Calcium levels. Calcium levels were significantly increased in NOD/SCID (8 animals/group) and NOD/SCID b2m2/2 mice (5 animals/group) inoculated with MET-1 cells (P , .05, Kruskal-Wallis test) compared with naïve animals (5 animals/group). Fig. 8 . Parathyroid hormone-related protein (PTHrP) levels. PTHrP levels were increased in plasma of NOD/SCID and NOD/SCID b2m2/2 mice inoculated with MET-1 cells, whereas in the plasma of naïve animals, no PTHrP was found. The groups were the same as for calcium levels measurement. 10 . Human cytokine array. The graph shows the relative cytokine intensity for 2 groups of mice (8 animals per group) inoculated with MET-1 cells. From the 18 cytokines tested, including tumor necrosis factoralpha, interleukin-1 (IL-1), IL-6, and macrophage inflammatory protein 1-alpha, only IL-4, IL-6, and IL-12 were markedly increased. No cytokine expression was detected on the membrane incubated with serum from naïve animals (negative control). NOD/SCID mice and 9.7 6 0.7 mg/dL for NOD/ SCID b2m2/2 . The calcium levels in NOD/SCID and NOD/SCID b2m2/2 mice inoculated with MET-1 cells were significantly higher (P , .05, Kruskal-Wallis test) than those of control animals (13.8 6 3.6 mg/dL for NOD/SCID mice and 17.1 6 4.8 mg/dL for NOD/SCID b2m2/2 ) ( Fig. 7) . PTHrP protein was detected in the plasma of all mice inoculated with MET-1 (19 6 21.8 pmol/L in NOD/SCID mice and 16.8 6 21.7 pmol/L in NOD/SCID b2m2/2 ), but no PTHrP was detected in serum of control mice (Fig. 8) . In MET-1 cells, PTHrP mRNA was quantified as 20 to 25 copies per 10 4 copies of glyceraldehyde 3-phosphate dehydrogenase. The expression of PTHrP mRNA by MET-1 cells correlated with PTHrP protein in serum of mice (data not shown). It is thought that PTHrP plays an important role in stimulating osteoclasts, resulting in increased bone resorption. However, PTHrP cannot induce the differentiation of hematopoietic precursor cells to osteoclasts directly, and RANKL and a number of cytokines and chemokines are likely to be involved in the process. In support of this model, expression of RANKL was shown on MET-1 cells ex vivo, with 33% of the cells being positive by flow cytometry after stain with an anti-RANKL antibody (Fig. 9) . The expression of a variety of chemokines and cytokines in sera from mice inoculated with MET-1 cells was measured with a human cytokine array. IL-6 was found in the sera (Fig. 10 ), but no other factors (IL-1b, TNF-a, or MIP-1a) involved in humoral hypercalcemia were detected by the cytokine array. However, a confirmatory PCR assay revealed IL-1b mRNA, but no mRNA expression of TNF-a or MIP-1a could be detected in ex vivo-derived MET-1 cells.
Comparison of tumor invasion factors among MT-2, MET-1, and C8166-45 cells
The difference seen in the engraftment in NOD/ SCID and NOD/SCID b2m2/2 mice may be ex- Fig. 11 . Flow cytometry for CD11a, CD49d, and CD147 (grey 5 isotype control, black 5 antibody stain). CD11a was expressed by MET-1 and C8166-45 cells but not MT-2 cells. CD49d is expressed by MET-1 and MT-2 cells but not by C8166-45 cells. CD147 is expressed by all cells. Data are representative of 3 independent experiments. Vet Pathol 46: 5, 2009 plained by differences in natural killer-cell activity. However, in NOG mice, which have virtually no functional immune system, the difference seen between MT-2 cells and C8166-45 cells must be due to expression of tumor invasion factors by these cells. ATL cells have been found to express increased levels of certain adhesion molecules (CD11a, CD49d), MMPs, and EMMPRIN, which have been implicated in tumor invasion. To investigate a correlation between tumor invasion factors and the engraftment of the cell lines used in this study, we compared the expression of CD11a; CD49d; MMP1, 2, 3, and 9; and EMMPRIN (CD147) between MET-1, MT-2, and C8166-45 cells. All cell lines expressed EMMPRIN. MET-1 cells expressed both CD11a and CD49d (Fig. 11) , whereas MT-2 expressed only CD49d; C8166-45 expressed only low amounts of CD11a.
To compare the ability of tumor cells to invade tissues, the cells were tested for the expression of MMP1, 2, 3, and 9. MET-1 cells expressed MMP1 and MMP3 but no MMP2 and 9 by Western blot (Fig. 12 and data not shown, respectively). The absence of MMP9 also was confirmed by RT-PCR (data not shown), because the expression of MMP9 in ATL cells was reported previously. 24 MT-2 and C8166-45 cells weakly expressed MMP1 but no MMP2, MMP3, or MMP9 by Western blot. All MMPs can be expressed by either the tumor cell or by the fibroblasts surrounding tumor cells in the stroma. In other tumor systems, MMP2 and 9 often are expressed by surrounding fibroblasts, whereas MMP1 and 3 are typically are expressed by tumor cells. 8 Our results are consistent with results obtained from other tumors. To test the expression levels and localizations of MMPs in vivo, immunohistochemistry was performed on tumor tissues. In tumors induced by MET-1, expression of MMP1, MMP2, and MMP3 was found in situ ( Fig. 13 ). In addition, weak expression of MMP9 was detected. In contrast, in tumors formed by MT-2 cells, only MMP1 was expressed weakly by a small percentage of tumor cells, whereas MMP2, 3, and 9 were expressed in only a few single tumor cells in vivo ( Fig. 14) .
Discussion
An interesting finding in the MET-1/NOD/SCID model was the correlation between PTHrP expression and increased calcium levels in the blood. Although the rise in serum PTHrP makes biologic sense and was observed in another mouse model, 32 this is not consistently found in ATL patients. 10, 11, 16 Of all the cytokines and chemokines thought to be important in activating osteoclast activity, 29, 34 only high levels of IL-6 were found to be expressed in serum of mice with MET-1 tumor burden, and low levels of IL-1b mRNA were detected by PCR. This is of interest because a nucleotide variant of the IL-6-promotor region was found to be associated with low bone density in humans, 30 and certain haplotypes of IL-6 are associated with increased risk of HTLV-1 infection in children. 5 Thus, IL-6 might be a link between infection and development of humoral hypercalcemia of malignancy. In addition to IL-6, IL-4 and IL-12 were found in serum from mice inoculated with MET-1. Both IL-12 1,15 and IL-4 21 have been described as inhibitors of osteoclast activity, and their expression suggests a regulatory role for these cytokines in osteoclast activation in vivo.
In this study, the differences between the widespread engraftment of MET-1 cells, the poor engraftment of MT-2, and the lack of engraftment of C8166-45 cells correlate with the expression of integrins and MMPs. These molecules are thought to be important in ATL invasion based on observations in patient samples. 2 A first step in the invasion of tissue by ATL tumor cells is the adherence to vascular endothelial cells through Fig. 13 . HE. Fig. 13b . MET-1 tumors stained positive with a human-specific Ki67 antibody, which proved the human origin. Immunolabeling with mAb anti-human Ki67 and hematoxylin counterstain. Fig. 13c, d , and e. MET-1 cells strongly expressed matrix metalloproteinase 1 (MMP1), MMP2, and MMP3, respectively, in vivo (brown staining of cytoplasm). Immunolabeling with mAb anti-MMP1, anti-MMP2, and anti-MMP3, respectively, and hematoxylin counterstain. Fig. 13f . MET-1 cells weakly expressed MMP9. Immunolabeling with Ab anti-MMP9 and hematoxylin counterstain. Fig. 14. MT-2 tumors in kidney. NOD/SCID Il2rg 2/2 mouse inoculated with MT-2 cells. Fig. 14a . HE. Fig. 14b . Tumor cells stained positive with an antibody specific for human Ki67, which proved the human origin. Immunolabeling with mAb anti-human Ki67 and hematoxylin counterstain. Fig. 14c . A small percentage of cells weakly expressed matrix metalloproteinase 1 (MMP1). Immunolabeling with an antibody specific for MMP1 and hematoxylin counterstain. Fig. 14d , e, and f. MMP2, 3, and 9 are expressed weakly by rare MT-2 cells, respectively. The neutrophils that accompany MT-2 infiltration stained positively for MMPs due to residual endogenous peroxidase activity. Immunolabeling with antibodies specific for MMP2, 3, and 9, respectively, and hematoxylin counterstain. Vet Pathol 46: 5, 2009 CD11a and CD49d, 38 similar to activated T cells. The fact that only MET-1 cells express both CD11a and CD49d, whereas MT-2 and C8166-45 express only one or the other, supports this concept. Another group of molecules important for tumor invasion consists of the EMMPRIN (CD147) and MMPs. It has been reported that ATL cells express EMMPRIN and MMP9 24 ex vivo, and MMP2 expression has been demonstrated in skin biopsies from ATL patients, 26 suggesting the importance of MMPs in the development of ATL. In this study, all cell lines expressed EMMPRIN, indicating that EMMPRIN expression is not sufficient for engraftment. In vitro, both MMP1 and MMP3 were expressed by MET-1, whereas neither MMP2 nor MMP9 was expressed. In vivo, MET-1 expressed all the MMPs tested, although MMP9 was expressed weakly. Although it has been reported that MMP9 is expressed ex vivo by ATL cells, 24 the data for MET-1 are in line with other tumor models in which MMP1 and 3 were expressed by tumor cells and MMP2 and 9 expression was induced in vivo. 8 Our data demonstrate that the MET-1/NOD/SCID model is an excellent model to define tumor invasion factors and, for example, to test the efficacy of MMP inhibitors on the spread of ATL cells. It should be noted as well that the involvement of other MMPs needs to be addressed in this model. For example, it has been shown that MMP14 is a necessary requisite for MMP2 expression. 8 Therefore, the intricate interactions required for invasion of leukemic cells need to be further investigated.
